Gluten that affects the rheological property of wheat dough consists of glutenin and gliadin. The disulfide bonds of cysteine residues between glutenin subunits form the backbone of the gluten network associated with the viscosity of dough. Glutenin is composed of high-molecular-weight (HMW) and low-molecular-weight (LMW) glutenin subunits (GSs). The expression of each single or pair of HMW-GS(s) is controlled by an allele at a particular Glu-1 locus on the long arm of a chromosome belonging to the homologous group 1 (Payne et al. 1981) , and allelic variation of GSs have been identified by electrophoresis Lawrence 1983, Gupta and Shephered 1990) . The HMW-GS pair 5 + 10 exerts a beneficial effect on the bread-making quality, and the subunits more frequently appear in the European and the North American cultivars (Payne et al. 1987 , Ng et al. 1989 . The HMW-GS pair 2 + 12 is frequently observed in Chinese wheat cultivars commonly used for the production of noodles and steamed bread (He et al. 1992) .
The land of China extends from the eastern to the central parts of the Eurasian continent. The westernmost part, including the Xinjiang Uygur Autonomous District of China (herein after referred as Xinjiang), is near Southwest Asia, where hexaploid wheat is considered to have originated. Nakamura (2002) reported that the Glu-A1c, Glu-B1b, GluD1a alleles are predominant among 274 Chinese wheat landraces and improved cultivars. Zhang et al. (2002) reported that the Glu-D1a allele predominated among 5129 Chinese cultivars and they seldom identified the Glu-D1f allele in the cultivars of Xinjiang. Wei et al. (2004) identified 14 alleles of HMW-GS in 169 cultivars grown in the southern part of Xinjiang and confirmed a similar allelic distribution at three Glu-1 loci to that reported by Nakamura (2002) . In our previous report (Cong et al. 2005) , we showed that the allelic frequency at Glu-1 loci in 282 Xinjiang landraces was similar to that in other Chinese cultivars, as far as the Glu-A1 and Glu-B1 loci were concerned. However, we succeeded in identifying a novel HMW-GS pair 2.6 + 12 in 69 winter wheat landraces. The allele encoding these subunits was estimated to be located on the 1D chromosome and was tentatively designated as Glu-D1bp.
In the present report, we determined the N-terminal amino acid sequence of each subunit of the HMW-GS pair 2.6 + 12 to identify the locus by comparison with other known HMW-GS sequences. To characterize the effect of the subunits on wheat flour quality, we determined the protein content and SDS-sedimentation volume of flour prepared from cultivars with the subunits, compared with those from cultivars with such subunits as 2 + 12 or 5 + 10.
Plant materials
Among 69 Xinjiang landraces with the HMW-GS pair 2.6 + 12 reported by Cong et al. (2005) , we used 65 cultivars together with eight Xinjiang cultivars with the HMW-GS pair 2 + 12 and 11 Xinjiang cultivars with the HMW-GS pair 5 + 10 for the estimation of gluten quality. They were sown in the autumn of 2004 at the Institute of Crop Germplasm Resources at Urumqi, and their seeds were harvested in the summer of 2005. Harvested seeds appeared to be sound without sprouting damage.
Quality tests
Extraction of the glutenin fraction from flour and electrophoresis of glutenin were performed according to the methods reported by Cong et al. (2005) .
The N-terminal amino acid sequence of HMW-GS was determined according to the methods of Ikeda et al. (2005) using a PPSQ-21A protein sequencer (Shimadzu, Kyoto, Japan).
Protein content (Nitrogen content X 5.7) was determined using a Rapid N III Nitrogen Analyzer (Elementar Analysensysteme GmbH, Hanau, Germany). Seven hundred mg of whole wheat flour prepared with the UDY cyclone sample mill (UDY Co., Fort Collins, USA) was weighed and the SDS-sedimentation volume was measured according to the method of Takata et al. (1999) . The measurements were replicated twice for each cultivar.
N-terminal amino acid sequence of the new HMW-GS pair 2.6 + 12 and the protein properties SDS-PAGE profiles of the cultivars with the HMW-GS pair 2.6 + 12 and reference cultivar with the HMW-GS pair 2.2 + 12 are shown in Figure 1 . The cultivars with the HMW-GS pair 2.6 + 12 harbored GS 2* or a null subunit at Glu-A1 and most of them carried GS pair 7 + 8 at Glu-B1. In addition, the presence of the null subunit at Glu-A1 was confirmed by the PCR method using forward (Glu-A1cF 5′-AGTGAACTCCGCAACG) and reverse primers (GluA1cR 5′-GAAGTTGGGTAGTACCCTGA) based on the Glu-A1 null sequence (Genbank accession no. AF145590). Amino acid sequence of the subunit 2.6 revealed that the 6th amino acid consisted of glutamic acid (E) ( Table 1 ). The 6th amino acid of the subunit 2.6 corresponded to that of the subunits 2.2 and 5, which were encoded by an allele at the Glu-D1 locus and belonged to the x type. The 6th amino acid of the subunit 12 consisted of arginine (R), that of the subunit 7 of glycine (G) and that of the subunit 8 of arginine (R) in the cultivars with HMW-GS pair 2.6 + 12. The amino acid sequences of each subunit corresponded to those of the GSs already sequenced. Therefore, the subunit 2.6 was considered to belong to the x type and be encoded by a new allele at the Glu-D1 locus.
To elucidate the effect of the HMW-GS pair 2.6 + 12 on flour quality, the grain protein content and SDSsedimentation volume were determined. The HMW-GS pair 2 + 12, which was mostly shared at the Glu-D1 locus in the Chinese cultivar, and the HMW-GS pair 5 + 10, which exerts the most pronounced effect on dough strength, were tested as reference. Since the cultivar with the HMW-GS pair 2.2 + 12 could not be identified in the Xinjiang cultivars, quality could not be tested in the present study.
The relationship between the protein content and SDSsedimentation volume of the cultivars with different HMW-GS pair is shown in Figure 2 . The grain protein content of 65 cultivars with the HMW-GS pair 2.6 + 12 was 12.4%, while that of eight cultivars with the HMW-GS pair 2 + 12 was 13.0% and that of 11 cultivars with the HMW-GS pair 5 + 10 was 13.7%. No significant difference in the grain protein content was found between the Xinjiang landraces with the HMW-GS pair 2.6 + 12 and those with the HMW-GS pair 2 + 12, while a significant difference was found between the cultivars with the HMW-GS pair 2.6 + 12 and those with the HMW-GS pair 5 + 10. The SDS-sedimentation volume of 65 cultivars with the HMW-GS pair 2.6 + 12 was 4.7 ml and those of 8 cultivars with the HMW-GS pair 2 + 12 was 4.4 ml, while the volume of 11 cultivars with the HMW-GS pair 5 + 10 was 7.2 ml. No significant difference in the SDSsedimentation volume was observed between the cultivars with the HMW-GS pair 2.6 + 12 and those with the HMW-GS pair 2 + 12. However, a significant difference in the SDS-sedimentation volume was found between the cultivars with the HMW-GS pair 2.6 + 12 and those with the HMW-GS pair 5 + 10. The cultivars with the HMW-GS pair 2.6 + 12 showed a lower grain protein content and SDSsedimentation volume than those with the HMW-GS pair 5 + 10. The SDS-sedimentation volume is affected by both the quantity and quality of protein. However, comparison of the effects of the three subunits on the SDS-sedimentation volume among cultivars with a similar protein content revealed that the values of the volume of cultivars with the HMW-GS pair 2.6 + 12 ranged from 2.6 to 6.5 ml, whereas the values of volume of the cultivars with the HMW-GS pair 5 + 10 The 6th amino acids enabling to distinguish HMW-GS are underlined.
ranged from 5.5 to 10 ml. Consequently it was concluded that the SDS-sedimentation volume of cultivars with the HMW-GS pair 2.6 + 12 was obviously lower than that of the cultivars with the HMW-GS pair 5 + 10. As mentioned above, the gluten strength of the HMW-GS pair 2.6 + 12 which was similar to that of the HMW-GS pair 2 + 12, but lower than that of the HMW-GS pair 5 + 10, might have been suitable for processing of nan bread and noodle in Xinjiang. The Xinjiang landraces with the GS pair 2.6 + 12 are likely to be less suitable for the breeding of British-style bread.
To elucidate the importance of common wheat genetic resources, especially landraces collected and preserved at the Institute of Crop Germplasm Resources, the genetic diversity of Xinjiang wheat landraces should be thoroughly studied not only phenotypically by analyzing agronomical traits but also biochemically by examining the factors related to flour quality.
